1. Introduction
===============

In more than 90% of patients following peritoneal cavity opening, obstructive structures (adhesions or bands) are expected regardless of the type of surgery.^\[[@R1]--[@R3]\]^ Postoperative adhesions are the most frequent cause of small bowel obstruction (SBO) and account for more than 75% of SBOs.^\[[@R4]\]^ In Western societies, approximately 20% of all surgical emergencies were caused by acute SBO.^\[[@R5]\]^ For children, acute SBO occurs in 1% to 6% of cases after abdominal surgery, and the rate is dependent on the initial type of operation.^\[[@R6],[@R7]\]^ The operative procedures most frequently related to SBO in pediatric patients are appendectomy or surgery for peritonitis.^\[[@R8]\]^

The strategy for SBO management is implemented according to the clinical evaluation, biological tests, and imaging. When acute SBO patients fail to exhibit signs of strangulation, an initial trial of nonoperative management is suggested, including gastrointestinal drainage decompression, along with intravenous fluid resuscitation.^\[[@R9]\]^ Successful resolution of the obstruction with nonoperative management has been reported in approximately 50% of adults.^\[[@R10]\]^ In conservative management, regular reassessment is mandatory for the early recognition of signs and symptoms of strangulation that would require early operative intervention, depending mainly on the clinician\'s assessment. In some cases, patients must be subjected to surgical management as a result of nonresponse to a conservative strategy. Surgical treatment, including lysis of adhesions or segmental bowel resection, may seem paradoxical, as it might be the source of new adhesions similar to other abdominal surgeries and contribute to the recurrence of adhesive SBO. The ideal timing to pursue conservative management and when to switch to surgical intervention in this condition has not been addressed in pediatric populations. When the surgical intervention is delayed, the rate of postoperative complications, including bowel resection, may increase.^\[[@R11]\]^ To guide recommendations for the surgical intervention of operated adhesive postoperative SBO in children, predictive factors for operative indications should be established to increase vigilance and guide the selection of the corresponding intervention, which would potentially improve clinical outcome.

Several recent studies have specifically evaluated potentially useful factors for predicting the necessity of operative interventions in acute SBO; however, very few, if any, pediatric patients were included.^\[[@R12]\]^ Among these factors, the drainage volume and radiographic findings, such as complete obstruction, bowel wall thickness, and ascites, may be useful to determine indications for surgical intervention. In addition, a broader scope of variables related to specific pediatric conditions, including detailed information regarding the initial surgical characteristic features, may need to be elucidated. In this study, we reviewed a consecutive series of pediatric patients admitted with acute SBO, and we aimed to define the risk factors associated with surgical intervention for SBO, which would hopefully help health providers improve clinical practice and patient outcomes.

2. Patients and methods
=======================

2.1. Study participants
-----------------------

Between January 2007 and January 2017, we retrospectively investigated a series of 712 consecutively hospitalized patients who had been diagnosed with acute SBO at the Department of General Surgery, Chongqing Medical University, China (an urban tertiary care teaching hospital). The study was approved by the ethics committee of children\'s hospital, Chongqing Medical University (IRB, No.: CHMU2018-017). An acute SBO episode was defined as admission to the hospital for a patient who had previously undergone abdominal surgery, with the following diagnostic criteria: presence of abdominal pain, vomiting, complete constipation (gas and feces), or the attending surgeon assigning the diagnosis of acute SBO. Patients were considered eligible upon meeting the following inclusion criteria: aged more than 1 year and less than 15 years and no other medication administration, such as chemotherapy. We excluded patients with other causes of SBO, such as gastrointestinal abnormalities (anorectal malformation, intestinal atresia, or Hirschsprung disease), intra-abdominal malignancy, incarcerated abdominal wall hernia and patients with recurrent SBO within 15 days of the previous laparotomy.

We retrospectively retrieved the institutional computerized medical records of all included patients based on the nature of the treatment (surgical vs conservative) regarding their past surgical history and current clinical data related to the SBO episode. In a patient\'s medical history, the phrase "initial operation" is used for the first operation, which should be related to the current acute SBO.

The clinical history and physical examination during the admission for SBO included the onset and course of nausea/vomiting, crampy pain, distension, fever, and bowel sounds. Laboratory data at admission were available in the medical records, including the leucocyte count or C-reactive protein (CRP) if available. The original radiographic studies at admission included ultrasound, plain abdominal films, or computed tomography (CT) scans when appropriate. The time interval since the previous laparotomy and the number of SBO recurrences were also noted.

The initial operation data included preoperative data, such as pre-existing comorbidities, coexisting health conditions, laboratory, and medical imaging data. Operative data, such as surgical approach, (open or laparoscopic), use of drains, small bowel resection, site of operation, Americam Society of Anesthesiologist (ASA) score, operative time, intraoperative estimated blood loss (EBL), intraoperative hemoglobin levels, and the receipt of packed red blood cells (PRBC) transfusion. In children, the intra-operative microbiological data, and the postoperative outcomes, such as infectious complications and other organ complications until day 30 after the operation were assessed.

2.2. Management and follow-up
-----------------------------

The same treatment protocol for acute SBO was carried out for all patients in this study, including conservative management and surgical intervention. The patients with ileus symptoms started conservative management with the cessation of enteral feeding and gastrointestinal decompression, as well as intravenous fluid hydration. Usually, total pareteral nutrition (TPN) was started on the second day of SBO in our clinical practice. The choice of surgical management was determined according to the patient\'s condition based on close clinical observation, including worsening of clinical symptoms (continuous pain, constantly increased drainage, peritoneal irritation, or fever) and radiographic findings (liquid levels, small bowel dilatation, and absent gas in large bowel), which suggested clinical suspicion of strangulation. Decision making for surgical intervention was determined according to the preference and experience of the attending surgeon on duty.

Patients were systematically followed up through telephone calls at 1, 6, 12, 18, and 24 months by the operating surgeon. The final follow-up was performed on January 30, 2017. The date and type of acute SBO readmission managed in the same or another surgical unit were collected.

2.3. Statistical analysis
-------------------------

The statistical analyses were conducted using the Statistical Product and Service Solutions (SPSS) statistical package (version 17.0, SPSS Inc., Chicago, IL). All variables were expressed as means ± standard errors for continuous data and as numbers with percentages for categorical data based on the conservative and operative management groups in the derivation cohort. Univariate analyses using Fisher\'s exact test, trend test, Student\'s *t* test, or Mann--Whitney *U* test were conducted to compare the categorical or continuous variables, where appropriate. The fully adjusted multivariable Cox regression model was performed using stepwise procedure, and the factors with a *P* value ≤.10 in the univariate analyses were included in this model. Relative risks were expressed as hazard ratio (HR) with a 95% confidence interval (CI), and statistical significance was accepted at a two-tailed *P* value \< .05.

3. Results
==========

3.1. Patient characteristics
----------------------------

From January 2007 to January 2017, there were 712 eligible pediatric patients admitted to our institute with a diagnosis of acute SBO following 15 different types of initial operations. Figure [1](#F1){ref-type="fig"} demonstrates the flowchart of included patients. Table [1](#T1){ref-type="table"} summarizes features of the initial abdominal operations performed and time interval between this operation and current admissions. Emergency procedures accounted for approximately two-thirds (467/712) of eligible admissions. The single procedure that accounted for the largest proportion of acute SBO was emergency exploratory laparotomy (203/712), followed by appendicitis (162/712), small bowel anastomosis (98/712), and small bowel and colon fistulation (79/712). Selected hepatobiliary surgery (24/712) and hernia corrective surgery (24/712) had the lowest admission rates.
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###### 

Initial abdominal operations and interval from initial abdominal operations to current SBO.
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Patients were categorized into surgical intervention or conservative management groups according to their treatment. Among 712 pediatric admissions, 266 patients (61.5%) underwent an operation (surgical group) and 446 patients (38.5%) were treated with medical management (conservative group).

We subsequently explored clinical characteristics of the 2 groups to identify significant predicting variables for surgical intervention. The variables included current admission characteristics and the initial surgical features. Table [2](#T2){ref-type="table"} shows clinical characteristics of the current admission. Patient age and sex were not associated with surgical intervention (Table [2](#T2){ref-type="table"}). Laboratory findings, such as markers of inflammation, were also equally distributed between the 2 groups. The surgical intervention group was significantly more likely to show presence of continuous pain, peritonitis, complete small bowel obstruction and ascites when compared to the conservative group. Thirty-one patients (11.7%) from the surgical group and 62 patients (13.9%) from the conservative group had one or more previous operations for SBO (*P = *.23).

###### 

Clinical characteristics of the current admission based on conservative management or surgical intervention.
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Table [3](#T3){ref-type="table"} summarizes the initial clinical characteristics of the 2 groups, including preoperative and perioperative variables, and postoperative complications. In univariable analysis, several variables were significantly associated with surgical management. Patients with surgical intervention had significantly higher ASA (*P = *.005) scores and more emergency operations (*P \< *.001) than patients with conservative management. Initial midline incisions were performed more frequently in patients with surgical intervention (*P = *.016). Initial inflammation had a significant impact on the current surgical intervention. In the patients who underwent surgical intervention, elevated markers of inflammation (WBC count, CRP) were observed more frequently when compared to the patients subjected to conservative management (*P \< *.001). Other factors associated with an operative intervention included presence of peritonitis at initial operation (*P = *.008), bowel resection (*P = *.001), and infectious complications (*P = *.039).

###### 

Clinical characteristics of the initial operation based on conservative management or surgical intervention.
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We performed multivariate analysis using a Cox regression model by entering the significant factors identified in univariate analysis. The interrelated factors were identified and entered into the represented model. Two other factors with a *P* value \>.05 and ≤.10 were included in multivariate analysis: EBL (*P = *.083) and operation duration (*P = *.058). The other factors with a *P* value \>.10 were not included in the multivariate analysis. The multivariate analysis indicated that the predictors for surgical intervention included initial features, such as elevated markers of inflammation (WBC, CRP), incision location (HR, 2.31; 95CI, 1.29--5.26; *P = *.031), and emergency procedure (HR, 1.46; 95CI, 1.13--3.42; *P = *.014), and current variables, such as crampy pain (HR, 4.66; 95CI, 1.69--9.48; *P \< *.001), ascites (HR, 5.43; 95CI, 1.84--13.76; *P \< *.001) and complete small bowel obstruction (HR, 3.21; 95CI, 1.45--8.74; *P \< *.001) (Table [4](#T4){ref-type="table"}).
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Multivariable analyses of the predictive factors for surgical intervention.
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The maximum follow-up time was 8 years, and the median follow-up time (interquartile range) was 3.6 years (range, 3 months--8 years) for the entire study population. Around 584 patients \[82.0% of the patients (584/712)\] were included in the follow-up at the end of the study. The association between type of treatment (surgical or conservative) and risk of recurrence is shown in Table [5](#T5){ref-type="table"}. We determined that the incidence of constipation was lower for patients treated surgically compared to patients managed non-operatively; however, no significant difference was identified (*P = *.036; Odds ratio \[OR\], 1.46, 95% CI, 0.98--2.17). The most common cause for hospital readmission was surgery-related acute SBO. Twenty-one patients (9.2%) from the surgical group were rehospitalized for a new SBO episode, as were 53 patients (14.9%) from conservative group (*P = *.028; OR, 1.72, 95% CI, 1.00--2.95). Of these patients, 10 patients (4.4%) in the surgical group and 22 patients (6.2%) in the conservative group were subjected to emergency surgery for suspected bowel strangulation (*P = *.23). Bowel strangulation segments underwent resection in 4 patients in the surgical group and 8 patients in the conservative group (*P = *.47).

###### 

Follow-up outcomes in pediatric patients based on conservative management or surgical intervention.
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4. Discussion
=============

In the present study, we first demonstrated that 37.4% (266/712) of pediatric patients admitted with acute SBO underwent an operative intervention. Based on the data of a retrospective cohort of 712 pediatric patients, we also identified, for the first time, the impact of several variables for surgical intervention in patients with operated adhesive postoperative SBO using a multivariate Cox regression analysis. Considering the high rate of missing data, these findings should be interpreted with caution. We also followed the outcomes of patients treated by surgical or conservative management and determined that patients treated via surgery were less likely to require rehospitalization than those treated via conservative approach. These data delineate several key issues, including risk factors and outcomes associated with surgical intervention for postoperative acute SBO across pediatric surgical specialties.

Abdominal operations in children might cause postoperative SBO, with variations depending on the type of initial operation. Moreover, the proportion of children with SBO who require reoperation is discussed controversially.^\[[@R13]\]^ Some studies have indicated that approximately one-half of children admitted with postoperative acute SBO required an operative intervention.^\[[@R14]\]^ Another report has suggested that up to 80% of acute SBO cases required surgery, although conservative management was first attempted for a mean interval of 48 hours.^\[[@R15],[@R16]\]^ Our data were different than the previous assertion, although a considerable number of patients were subjected to operative intervention. We determined the spectrum of disease was different, and acute SBO may be more common with specific abdominal operations; moreover, the duration of symptoms in our patients was commonly shorter, which might account for this disparity. Acute SBO is often caused by the original procedure, which might be more severe and may be performed on pediatric patients who, on average, have more comorbidities with a higher proportion of emergency exploratory procedures than patients who undergo simpler procedures.^\[[@R17],[@R18]\]^ In this research, the rate was highest for children who underwent emergency exploratory laparotomy (65.6%, 467/712). Obstruction is uncommon after selected hepatobiliary surgery and hernia corrective surgery, which occurred in approximately 1% of the current cohort. In this analysis, we deliberately excluded neonates because differentiating cases of SBO from other surgical causes of obstruction in this age group is difficult using billing data as previously reported.

Understanding which features of operations carry greater risk of subsequent SBO will be helpful to prevent acute SBO events, as well as clinic visits, readmission or surgery. It is appropriate to consider as many aspects and variables as feasible to develop clinically reliable, relevant, and practical predictors. Previous reports have suggested that older age, the presence of ascites, and a high nasogastric tube (NGT) drainage volume are critical factors for subsequent surgical management.^\[[@R19]\]^ Another report has suggested radiographic findings of complete SBO as a significant factor that indicates the need for surgery,^\[[@R20]\]^ and a scoring system based solely on CT findings has been developed to predict surgical management.^\[[@R21]\]^ We examined an extensive list of clinical characteristics of acute SBO patients, particularly the patients' initial operative features, duration of operation, EBL, type of surgery, location of incision, and site of previous operation, which might represent the underlying cause of the following small bowel obstruction. To the best of our knowledge, no previous studies have analyzed these multiple factors to identify predictors for surgery among acute SBO pediatric patients. We determined that indications for surgical intervention of acute SBO in our department were highly initial procedure specific. Patient characteristics were less predictive than acuity of illness, particularly severe peritonitis, thus supporting the notion that acute SBO requiring reoperation tends to be associated with surgical comorbidities, rather than baseline patient characteristics. In our study, an emergency procedure and incision location are the major predictors for surgical intervention. Our results also suggested that simpler procedures, such as hernia surgery, have low reoperation rates. This result is of importance for the decision-making process regarding optimal treatment.

The follow-up evaluation showed that patients in whom operative intervention was required had a considerably higher rate of bowel resection (37.5%, 12/32) compared with a previous report, which suggested a 31% rate of bowel resection among patients requiring operation. They proposed 48 hours as the point when a decision regarding surgery should be made, as a result of the decreasing chance of nonoperative resolution.^\[[@R22]\]^ Our experiences support the practice of shorting the observation period for resolution of obstruction. Surgical treatment is recommended in the absence of bowel function recovery within 24 hours after an oral water-soluble contrast agent test.^\[[@R23]\]^ Otherwise, an early operative intervention for acute SBO should be considered in order to avoid a higher rate of bowel ischemia. A delay may increase the likelihood that bowel resection will become necessary. Based on this observation, it seems reasonable to attempt conservative management for patients without signs of severity. Clearly, the benefit of surgical treatment must be balanced against the risks associated with surgery, particularly for patients with comorbidities.^\[[@R24]\]^ Thus, an individualized treatment plan should be considered of the SBO episode, as well as the general medical condition of the patient. Our study also suggested that patients treated with surgery for SBO had less frequent constipation symptoms than patients managed non-operatively, which supports the active selection of operation for acute SBO.

Our study has several limitations. First, our study represents retrospective database analysis, in which unmeasured differences, known selection and treatment bias may be confounders and may thus limit generalizability of findings. The data were collected locally in a single institution, thus reflecting our institution\'s experience, and only represent approximately 20% of all general surgery procedures performed in our hospital over the study period; moreover, the conduction of interviews by the operating surgeon creates a bias, because poor results will not be reported adequately. An additional limitation to this study is that some patients may have been readmitted to the local hospitals without our knowledge, in which case the readmission rate in this study would be underestimated. However, because we are a regional tertiary care referral center, the majority of patients treated at our institution for their index admission are directed back here for care if a subsequent complication arises. Furthermore, because the reoperation covers a broad range of surgery, it is difficult to make more concrete conclusions regarding the reoperation rates of specific surgical types, which is important for identifying the key processes of care. Studies on this topic that include multiple participating hospitals would benefit from including a larger number of patients.

5. Conclusions
==============

In conclusion, the following characteristics should increase vigilance for surgical intervention: an initial emergency procedure with midline incision and the strangulation status. However, the benefit of conservative treatment must be carefully weighed against the potentially increased risk of bowel resection with further delay on a case-by-case basis. Additional prospective studies are required to confirm our findings.
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